The calcium channel blocker amlodipine promotes the unclamping of eNOS from caveolin in endothelial cells.
Amlodipine is a calcium channel blocker (CCB) known to stimulate nitric oxide production from endothelial cells. Whether this ancillary property can be related to the capacity of amlodipine to concentrate and alter the structure of cholesterol-containing membrane bilayers is a matter of investigation. Here, we reasoned that since the endothelial nitric oxide synthase is, in part, expressed in cholesterol-rich plasmalemmal microdomains (e.g., caveolae and rafts), amlodipine could interfere with this specific locale of the enzyme and thereby modulate NO production in endothelial cells. Using a method combining lubrol-based extraction and subcellular fractionation on sucrose gradient, we found that amlodipine, but not verapamil or nifedipine, induced the segregation of endothelial NO synthase (eNOS) from caveolin-enriched low-density membranes (8+/-2% vs. 42+/-3% in untreated condition; P<0.01). We then performed co-immunoprecipitation experiments and found that amlodipine dose-dependently disrupted the caveolin/eNOS interaction contrary to other calcium channel blockers, and potentiated the stimulation of NO production by agonists such as bradykinin and vascular endothelial growth factor (VEGF) (+138+/-28% and +183+/-27% over values obtained with the agonist alone, respectively; P<0.01). Interestingly, we also documented that the dissociation of the caveolin/eNOS heterocomplex induced by amlodipine was not mediated by the traditional calcium-dependent calmodulin binding to eNOS and that recombinant caveolin expression could compete with the stimulatory effects of amlodipine on eNOS activity. Finally, we showed that the amlodipine-triggered, caveolin-dependent mechanism of eNOS activation was independent of other pleiotropic effects of the CCB such as superoxide anion scavenging and angiotensin-converting enzyme (ACE) inhibition. This study unravels the modulatory effects of amlodipine on caveolar integrity and the capacity of caveolin to maintain eNOS in its vicinity in the absence of any detectable changes in intracellular calcium levels. The resulting increase in caveolin-free eNOS potentiates the NO production in response to agonists including VEGF and bradykinin. More generally, this work opens new avenues of treatment for drugs able to structurally alter signaling pathways concentrated in caveolae.